A strictly aerobic, Gram-staining-negative, rod-shaped, non-motile, yellow-pigmented bacterial strain, designated BX12
The genus Flavobacterium (family Flavobacteriaceae, order Flavobacteriales, class Flavobacteriia, phylum Bacteroidetes) was first proposed by Bergey et al. (1923) and extensively emended by Bernardet et al. (1996) and Dong et al. (2013) . At the time of writing, the genus Flavobacterium consists of over 80 species that have been isolated from soil, sediment, freshwater, seawater, diseased fish, glacier and micromat (Bernardet & Bowman, 2011; Dong et al., 2013) . In recent years, several novel species belonging to this genus have been isolated from soil (Kim et al., 2006; Yoon et al., 2006; Weon et al., 2007; Yoon et al., 2007; Yang et al., 2011; Dong et al., 2013) . Members of the genus are Gram-stainingnegative, strictly aerobic, rod-shaped, non-spore-forming, yellow-pigmented and contain menaquinone-6 (MK-6) as the major respiratory quinone. Most strains of species of the genus Flavobacterium contain iso-C 15 : 0 as the major fatty acid. In addition, summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH, C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 1 v9c, iso-C 16 : 0 3-OH, anteiso-C 15 : 0 and C 16 : 0 are also present in most strains (Bernardet & Bowman, 2006; Dong et al., 2013) . Polar lipids were analysed in only a few species of the genus Flavobacterium; phosphatidylethanolamine (PE) is the common major polar lipid (Dong et al., 2013) . Members of the genus Flavobacterium have a DNA G+C content range of 30-41 mol% (Bernardet & Bowman, 2011; Xu et al., 2011; Dong et al., 2013) , except Flavobacterium subsaxonicum WB 4. T and Flavobacterium caeni LM5 T which have a DNA G+C content of 43.3 and 52.0 mol%, respectively (Ali et al., 2009; Liu et al., 2010) .
For bacterial isolation, subsurface soil was collected from the peak area of Wudang Mountain (32u 259 05.5199 N 111 u 019 12.1099 E, with an elevation of 1613 m), Shiyan city, Hubei province, China. The pH of the soil was 7.06 and the total C, N, P and S concentrations were 30.58, 7.17, 2.74 and 0.59 g kg 21 , respectively (determined by atomic absorption spectroscopy). Bacterial isolation was performed using R2A (Difco) agar plates incubated at 28 u C for 7 days, and the strain was preserved at 280 u C in R2A broth (Difco) supplemented with 25 % (v/v) glycerol.
The 16S rRNA gene sequence (1478 bp) of strain BX12 T was amplified as described by Fan et al. (2008) and compared with the available sequences using the EzTaxone server (Kim et al.., 2012) . Multiple alignments were performed using the CLUSTAL X program (Thompson et al., 1997) . Terrimonas ferruginea DSM 30193
T and another member of family Flavobacteriaceae, Leeuwenhoekiella marinoflava ATCC 19326
T were used as outgroups.
Neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971 ) trees were reconstructed using MEGA 4.0 software (Tamura et al., 2007) , and a maximumlikelihood tree was generated using an online web server (Guindon et al., 2005) with bootstrap analysis based on 1000 replications (Felsenstein, 1985) . In the neighbourjoining phylogenetic tree ( Fig. 1) , strain BX12 T was clearly affiliated within the genus Flavobacterium and formed a branch with Flavobacterium beibuense F44-8 T (Fu et al., 2011; 95 .6 % 16S rRNA gene sequence similarity), Flavobacterium subsaxonicum WB 4.1-42
T (Ali et al., 2009; 95.9 %) , Flavobacterium rivuli WB 3.3-2 T (Ali et al., 2009; 94.1 %) and Flavobacterium rakeshii FCS-5 T (Kaur et al., 2012; 95.4 %) . The three former type strains were obtained and used as references in this study. The 16S rRNA gene sequence similarity between strain BX12
T and the type species of the genus, Flavobacterium aquatile ATCC 11947 T was 92.3 %. The maximumparsimony and maximum-likelihood trees showed similar topologies ( Fig. 1 ).
For morphological, physiological and biochemical analyses, strain BX12
T , F. subsaxonicum DSM 21790 T and F. rivuli DSM 21788
T were grown on R2A agar or in R2A broth at 28 u C for 2 days, unless otherwise mentioned, while F. beibuense MCCC 1A02877
T was grown on marine agar or in marine broth 2216 (MB; Difco) as described by Fu et al. (2011) . Cell morphology was observed using a transmission electron microscope (H-7650; Hitachi) (Nedashkovskaya et al., 2005) following 48 h growth in R2A broth. Gram staining was determined using the method described by Dussault (1955) . Growth at 0, 4, 15, 20, 28, 32, 37 and 42 u C, with 0-5 % (w/v) NaCl (at 1 % intervals) and at pH 4-10 (at 1 pH unit intervals) was assessed in R2A or MB incubated for 7 days. For the pH tests, the broth was adjusted to initial pH value with citrate/phosphate or Tris/hydrochloride buffers (Breznak & Costilow, 1994 ). Growth was also tested on Luria-Bertani (LB) agar, nutrient agar (NA), and trypticase soy agar (TSA) (all Difco). Oxidase and catalase activities, production of H 2 S, nitrate reduction and glucose oxidation/ fermentation were investigated according to the methods of Dong & Cai (2001) . Indole production and hydrolysis of casein, aesculin, gelatin, L-tyrosine, urea, starch, Tween 40, Tween 80, DNA and CM-cellulose were investigated according to described methods (Smibert & Krieg, 1994; Reichenbach, 1992) . Gliding motility, Congo red adsorption and production of flexirubin-type pigments were assessed according to Bernardet et al. (2002) . The production of a precipitate on egg yolk agar was tested on R2A agar supplemented with 10 % egg yolk emulsion (Xu et al.., 2011) . Acid production from various carbohydrates was determined as described by Hugh & Leifson (1953) . Anaerobic growth was determined by incubation in an anaerobic chamber (Mitsubishi Gas Chemical Co.; ,1 % O 2 , 16 % or more CO 2 , and N 2 ) at 28 uC for 2 weeks. Antibiotic susceptibility tests were performed by the disc (Hangzhou Microbial Reagent Co.) diffusion method on R2A plates incubated at 28 u C for 2 days. Strains were considered susceptible when the diameter of the inhibition zone was ¢10 mm (Jorgensen & Farrow, 2009 ). Enzyme activities, other biochemical characteristics and utilization of carbohydrates were determined at 28 u C using the API 20NE, API ZYM and API ID 32GN systems (bioMérieux). The phenotypic characteristics of strain BX12
T are given in Table 1 and in the species description. Strain BX12
T could be distinguished from the three reference strains by colony pigmentation on R2A and MA, and by the absence of catalase, b-galactosidase and trypsin activities (Table 1) .
For whole-cell fatty acid analysis, strain BX12
T and the three reference strains were grown in R2A broth or MB at 28 u C until they reached the mid-exponential phase, and were analysed by GC (6890; Hewlett Packard) according to the instructions of the Sherlock Microbial Identification System (MIDI Sherlock version 4.5, MIDI database TSBA40 4.10) (Kroppenstedt, 1985; Sasser, 1990) . The respiratory quinones of strain BX12
T were extracted and identified by HPLC as described by Xie & Yokota (2003) using methyl alcohol/isopropyl alcohol (2 : 1) as the solvent and a flow rate of 1.0 ml?min 21 . Polar lipids of strain BX12
T and the three reference strains were extracted as described by Minnikin et al. (1979) , then separated and identified by two-dimensional TLC, spraying the plates with different staining reagents (Collins & Jones, 1980) . The DNA G+C content of strain BX12
T was determined by the HPLC method as described by Mesbah et al. (1989) .
The major fatty acids of strain BX12 T (¢5 %) were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c) (25.9 %), iso-C 15 : 0 (23.9 %), C 16 : 0 (12.3 %), iso-C 17 : 0 3-OH (7.9 %) and C 16 : 0 3-OH (6.9 %), in line with the type strains of other species of the genus Flavobacterium. Summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c) and iso-C 15 : 0 were the major components of the four analysed strains, though in varying proportions ( Table 2) . The predominant respiratory quinone of strain BX12 T was MK-6, in line with all members of the family Flavobacteriaceae (Bernardet, 2011) . Strain BX12
T and the three reference strains all contained phosphatidylethanolamine as the major polar lipid. In addition, several unidentified aminolipids and lipids were present in all strains, but strain BX12
T contained one unidentified glycolipid that was not detected in the three reference strains (Fig. 2) . The DNA G+C content of strain BX12 T was 43.9 mol%, a value slightly higher than that of F. subsaxonicum DSM 21790
T and significantly higher than that of the two other reference strains (Table 1) .
On the basis of phylogenetic inference and phenotypic data, it is concluded that strain BX12
T represents a novel species of the genus Flavobacterium, for which the name Flavobacterium hauense sp. nov. is proposed. On the basis of new data obtained in this study, emended descriptions of Flavobacterium subsaxonicum, Flavobacterium beibuense and Flavobacterium rivuli are also proposed.
Emended description of Flavobacterium subsaxonicum Ali et al. 2009
The description is as given by Ali et al. (2009) with the following amendments. Growth occurs on LB agar. Egg yolk is not hydrolysed. The major polar lipid is phosphatidylethanolamine; in addition, three unidentified lipids, two unidentified aminolipids and one aminophospholipid are also present.
Emended description of Flavobacterium beibuense Fu et al. 2011 and Kaur et al. 2012 The description is as given by Fu et al. (2011) and Kaur et al. (2012) with the following amendments. Colonies grown on MA are yellowish-orange. Growth occurs on NA, TSA and LB agar, but not on R2A agar. L-Tyrosine and egg yolk are not hydrolysed. 
F. tiangeerense 0563 T (EU036219)

F. limicola ST-82 T (AB075230)
F. gelidilacus LMG 21477 T (AJ440996)
F. ponti GSW-R14 T (GQ370387)
F. aquatile ATCC 11947 T (M62797)
F. macrobrachii an-8 T (FJ593904)
F. terrae R2A1-13 T (EF117329)
F. suncheonense GH29-5 T (DQ222428)
F. indicum GPTSA100-9 T (AY904351)
F. dongtanense LW30 T (GU073293)
F. filum EMB34 T (DQ372981)
F. subsaxonicum WB 4.1-42 T (AM934666)
F. rivuli WB 3.3-2 T (AM934661)
Flavobacterium hauense BX12 T (JX066803)
F. beibuense F44-8 T (GQ245972)
F. rakeshii FCS-5 T (JF830803)
Leeuwenhoekiella marinoflava ATCC 19326 T (M58770)
Terrimonas ferruginea DSM 30193 T (AM230484) The description is as given by Ali et al. (2009) with the following amendments. Grows weakly on LB agar. Egg yolk is hydrolysed. The major polar lipid is phosphatidylethanolamine; in addition, three unidentified lipids, two unidentified aminolipids and one aminophospholipid are also present.
Description of Flavobacterium hauense sp. nov.
Flavobacterium hauense (hau.en9se. N.L. neut. adj. hauense pertaining to HAU, arbitrary adjective formed from the acronym of the Huazhong Agricultural University, where taxonomic studies were performed).
Cells are strictly aerobic rods, Gram-staining-negative, non-flagellated, non-motile, non-spore-forming, approximately 0.4-0.6 mm in diameter and 0.9-3.6 mm in length. Colonies grown on R2A agar incubated at 28 u C for 48 h are circular, bright-yellow-pigmented, smooth, with regular edges and are approximately 1 mm in diameter. Growth occurs at 4-32 u C (optimum, 28 u C), at pH 6.0-8.0 (optimum, pH 7.0) and with 0-2 % NaCl (optimum, 0 %); no growth is observed at 37 u C. Growth occurs on R2A, TSA, NA and LB agars. Positive for oxidase activity, but negative for catalase activity, flexirubin-type pigments and Congo red adsorption. Anaerobic growth is not . All data are from the present study except the DNA G+C content of the three reference strains (2, 3 and 4) which were taken from Ali et al. (2009) and Fu et al. (2011) . All strains are non-motile and are positive for oxidase activity and hydrolysis of aesculin, Tween 40 and Tween 80. All strains are negative for hydrolysis of urea, DNA, casein, L-tyrosine and CM-cellulose, nitrate reduction, H 2 S and indole production, glucose fermentation, arginine dihydrolase activity and Congo red absorption. +, Positive; 2, negative.
Colony pigmentation* BY LY YO PW Growth on R2A agar + + 2 + Growth at 37 u C 2 + + 2 NaCl concentration for growth (%) 0-2.0 0-2.0 0-9.0 0-2.0 Catalase activity 2 + +D + Flexirubin-type pigments 2 + 2 2 Hydrolysis of:
43.9 43.3 38.6 40.4
*BY, Bright yellow; LY, light yellow; YO, yellowish-orange; PW, pearl white; strains 1, 2 and 4 were grown on R2A agar, strain 3 was grown on MA. DOpposite data were reported by Fu et al. (2011) . Ethanolic molybdatophosphoric acid (10 %) was applied for the detection of the total polar lipids. PE, Phosphatidylethanolamine; APL1, unidentified aminophospholipid; AL1-2, unidentified aminolipids; UL1-4, unidentified lipids; GL1-2, unidentified glycolipids.
